INTRODUCTION
Economic design of structures along streams requires an evaluation of flood hazards. Hazards include overbank inundation, channel erosion and deposition, and destruction from stream velocity or pressure. The hazards can be related to stream stage or discharge. The critical stage or discharge is generally the instantaneous maximum or peak value. Peak discharges are related to peak stages and velocities by channel hydraulics so that flood-crest profiles, inundated areas, and current velocities can be evaluated, except when ice or debris jams and stream icing are present. Thus, the peak discharge is a very useful measure of flood magnitude.
The magnitude and frequency of peak discharges in Alaska and the adjacent area of Canada that drains into Alaska are described in this report. Peak discharges are tabulated for 2-year, 5-year, 10-year, 25-year, and 50-year average-recurrence intervals for those sites where peak-discharge records are long enough to justify such evaluation. Results of a regional frequency analysis are described. A method for estimating flood magnitudes of selected frequencies for most sites in Alaska is presented. Maximum known peak discharges are tabulated for many Alaskan and Canadian locations.
This report was prepared in the Alaska District of the Water Resources Division, U.S. Geological Survey under the direction of Harry Hulsing, district chief. It is based on data collected at Alaskan sites by the Geological Survey in cooperation with several Federal, State, and local agencies, and at Canadian sites by the Water Survey of Canada.
GEOGRAPHY IN RELATION TO FLOODS
The area of Alaska is approximately 586,000 square miles, but the streams flowing from Alaska drain about 730,000 square miles, partly in Canada. The diverse physiography of the State effects great variations in streamflow-flood characteristics. Most of Alaska is mountainous or hilly although lowlands and plains 20 to 100 miles wide abound. The mountains generally receive more precipitation than the lowlands and plains. Also, the rainfall or snowmelt from the mountains runs off faster than that from the lowlands and plains, resulting in higher flood-discharge rates in the mountains .. Along the Pacific Ocean, the Pacific Mountain System (Wahrhaftig, 1965) forms a barrier to the flow of moist air from the ocean. Its rugged coastal slopes receive large volumes of precipitation that run off rapidly, causing Alaska's highest known flood-discharge rates. Temperatures are mild and floods can occur even in winter when combined snowmelt and rainfall occasionally produce exceptionally large floods. The few coastal lowlands or low plateaus along the Pacific Coast have relatively low flood-discharge rates.
North of the Pacific Mountain System are numerous mountain ranges separated by large river-valley lowlands, plateaus, and large coastal lowlands. The precipitation in this area of Alaska is much less than in the Pacific Mountain System, and flood-discharge rates are much lower.
In interior Alaska and throughout the drainage systems that flow into the Arctic Ocean, the long cold winters cause extensive freezing. Rapid warming in the spring (May or June) causes the snowmelt to overflow frozen or ice-jammed channels in spectacular spring breakup floods. Continuous permafrost in interior Alaska prevents rainfall from infiltrating; therefore, a large percentage of the rainfall during larger storms becomes flood runoff.
Natural glacier-dammed lakes form in many places in Alaska especially in the Pacific Mountain System. These lakes occasionally "break out" causing spectacular floods that have very high peak-discharges.
Man's activities have contributed very little to aggravating flood hazards in Alaska. Some communities occupy flood plains and consequently have a potential for heavy flood damage. Roads and other structures have been built and are being planned along stream channels where flood hazards exist.
FLOOD-FREQUENCY RECORDS -
All annual peak-discharge records at least 5 years in duration for stations on unregulated Alaskan streams or on Canadian streams flowing into Alaska were used in the analysis of flood frequency. The records were not adjusted to a common base period. Flood-frequency curves were determined for each gaging station using all the records available as of September 30, 1968. The Log Pearson Type III flood-frequency method (Water Resources Council, 1968) was used in the analysis. Curves defined in this analysis are available for review in the Geological Survey District Office, Water Resources Division, in Anchorage, Alaska. Table 1 shows the flood discharges for 2-year, 5-year, 10-year, 25-year, and 50-year average-recurrence intervals for the gaging-station records analyzed.
Flood discharges for recurrence intervals of up to about twice the length of flood-peak record in years are shown. For example, if a station has 11 years of record, the 25-year flood is shown but not the 50-year flood. Only 24 gaging stations have records as long as the 20 years or more needed for evaluating a 50-year flood magnitude. figure 1 . Much of the area, particularly in the interior, west, and north, has almost no peak discharge records. Very few records are available for small streams except in southeast Alaska, on the Kenai Peninsula, and around Anchorage.
REGIONAL FLOOD FREQUENCY
The capability for evaluating flood hazards is needed in all areas, not just where gaging-station records have been taken. Usually, the need for flood-frequency information in V Alaska is at locations that have few, if any, hydrologic data, and time and cost do not permit collecting the amount of records necessary to make a reliable frequency analysis for the site.
A regional analysis defining the relation between the magnitude and frequency of floods and the"drainage-basin physical and climatic variables was based on data for the entire State. The analysis used multiple-regression methods (Benson, 1962; Benson, 1964) Results of the analysis are shown in table 2, the equations may be used to estimate the flood characteristics as shown for any location, by substituting values of the basin variables as indicated. The other basin variables in table 1 were not found to be statistically significant. The principal measure of the accuracy with which a particular streamflow characteristic can be determined is the statistical measure of error, "standard error of estimate," and is expressed in this report as a percentage of the average value of the characteristic. The standard error is the estimated limit above and below the average within which about 67 percent of future values of the characteristics are expected to fall. Conversely, only one chance in three exists that future values will differ from the average by more than one standard error.
The standard error of estimate is shown for each regression equation. This standard error of estimate gives an evaluation of reliability of estimates for the physical and climatic features that were sampled in Alaska and adjacent parts of Canada. The range and distribution of the features may be studied by reference to table 1. Estimates should be considered less reliable for sites having indices of physical and climatic features outside the range of indices sampled.
Stream-gaging records do not define flood-frequency characteristics without error. However, the standard error of estimate of the 50-year flood evaluated from 10-year records for the gaging stations used in this analysis is 22 percent, whereas the standard error of estimate from the 50-year-flood regression equation is 53 percent. This means that a 10-yearflood record at a site can be expected on the average to be considerably more reliable than an estimate using the regression equation . An analysis of deviations (a deviation is the difference between the flood discharge as estimated from the regression relation and as determined from the flood record) shows that the equations estimate flood magnitudes that are too high in the Kenai River basin. This is attributed partly to inaccuracy in the map of mean annual precipitation. Gaging-station records show that mean annual runoff commonly exceeds the mapped values of mean annual precipitation. In the Kenai River basin exceptionally high mean annual precipitation relative to runoff is mapped. Better regional flood-frequency relations based on regression methods will require better regional maps of precipitation or alternate basin indices and more records of runoff.
Caution is recommended in using the 50-year flood regression equation for the following reasons:
1. Only 24 gaging stations having about 25 years minimum record were available to evaluate the 50-year flood regression equation. This is a very small sample.
2. Of these 24 stations, none outside the Southeast and South-Central subregions sampled drainage basins of less than about 1,500 square miles. This report supersedes and expands upon an earlier floodfrequency analysis (Berwick, Childers, Kuentzel, 1964) . The earlier analysis was for Alaska south of the Yukon River whereas this report covers the entire State.
MAXIMUM KNOWN FLOODS
Flood-hazard evaluation usually requires determination of a "design" flood. This is sometimes a flood of 50-year or some other recurrence interval. In Alaska, flood records are so few and so short that the basis for the 50-year flood is uncertain. Therefore the maximum known floods for nearby or similar sites may help in the evaluation of the flood hazard.
Maximum known peak discharges are listed in table 3 for all gaging stations and miscellaneous-measurement sites in Alaska. Lengths of flood records in water years and periods of records are shown for gaging stations. The flood-discharge rate in cubic feet per second per square mile is shown for comparison of flood rates between sites or areas. The sites are listed in downstream order and are grouped by Water Resources Council subregions. The station numbers shown are the Geological Survey numbers (see definitions). All gaging stations, both current and discontinued having at least one year of record, are shown in figure 1 .
The maximum known peak discharges listed in table 3 were plotted in relation to drainage-area size. Along the coast of the Pacific Mountain System, basins are generally less than 100 square miles in area and have high flood-discharge rates. The curve for 500 cfs per square mile encompasses all maximum known floods, except two along the coast of the Pacific Mountain System. In the rest of Alaska, a curve for 100 cfs per square mile encompasses almost all maximum floods known. Au«. 27, 1913 Kept. 4, J951 Sept. 23,1913 Sept. 24,1913 >pt. 23,1913 r.<-pi . r>3,i9i * fu»>. 27, lyjj >pt. 6, 1967 ."ept. 12,]96l Oct. 11, 1969 AIUJ. 21, 1966 r. cpt. 7, 1967 Dot. 11, 1969 . 21, 1966 . 21, Au«. 21, 1966 Oct. 14, 1969 Oct. 6, 1969 June, 1966 Oct. 14, 1969 toy 8, 1963 1967 June 2, 1964
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